Harmful algal blooms represent a major threat to marine production, and particularly to shellfish farming. Current methods for analyzing environmental samples are tedious and time consuming because they require taxonomists and animal experiments. New rapid detection methods, such as immunoassays, are sought for alerting purposes and for the study of algal ecodynamics in their natural environment. Alexandrium minutum, which causes paralytic shellfish poisoning, occurs with increasing frequency along European coasts. We have developed a one step immunochromatographic assay which is based on the principle of immunochromatographic analysis and involves the use of two distinct monoclonal antibodies directed against surface antigens of A. minutum. The primary specific antibody was conjugated with colloidal gold, and the secondary antibody (capture reagent) is immobilized on a strip of nitrocellulose membrane. We could demonstrate that whole algae are able to diffuse without restriction in the porous material. The assay time for this qualitative but highly specific assay was less than 15 min, suitable for rapid on-site testing.
One step immunochromatographic assay for the rapid detection of
Alexandrium minutum 
Introduction

58
Harmful algal blooms (HABs), also commonly known as "red tides", are natural phenomena but their 59 frequency, intensity, and geographic range have increased since the 1970s (Hallegraef 1993 , 2003 , 60 VanDolah 2000 . Furthermore, their economic impact is greater now than in the past, as a result of 61 increasing consumption of seafood, growth of coastal populations and tourism industries. Different 62 classes of toxins are produced by dinoflagellates; they accumulate in shellfish and are responsible for 63 severe human syndromes. HABs are also harmful to the marine ecosystem as a whole, because algal 64 toxins can sicken and kill many forms of aquatic organisms (Landsberg 2002) . The genus Alexandrium 65 is among the most harmful since species produce potent neurotoxins such as saxitoxins and 66 gonyautoxins which are responsible for the so-called "paralytic shellfish poisoning". Monitoring of HAB 67 species is tedious, and requires direct human expertise. The methods used for identification of algae 68 are usually based on morphological studies under light microscopy. Unfortunately, algal morphology 69 might change depending on environmental conditions and growth phases. 70 71
Recently, highly specific laboratory methods based on genetic information have been reported, such 72 as fluorescence in situ hybridization (FISH) (Sako et al., 2004 , Anderson 2005 or real-time PCR 73 (Dyhrman et al.,2006) . A method to detect A. minutum in a complex background using sandwich 74 hybridization assay was also reported, but RNA isolation and sensitivity still need to be improved 75 (Diercks et al., 2008) . Antibodies represent a powerful tool in detection assays and the literature 76 reveals many attempts to generate specific antibodies against harmful algae. 77 78
In a previous study (Gas et al., 2009) Colloidal gold-labelled mAb AMI6 was diluted (1:1, v/v) with 20 mM TRIS containing 10 % sucrose, 138 0.5% BSA. The conjugate pad was prepared by passive immobilization of labelled AMI6 onto the glass 139 fiber with an Airjet (XYZ 3000) and then dried. Capture antibodies were dispensed directly onto the 140 nitrocellulose using a Biojet XYZ 3000: AMI11 (0.5 mg/mL) as the test line (2 µL per 1 cm line), and 141 the goat anti-rat IgG (1 mg/mL) as the control line (1 µL per 1 cm line).
143
Assembly of the kit 144 145
The one step strip for ICA is composed of three pads (sample, conjugate and absorbent pads) as 146 described in (Fig.1 ). They were pasted onto a nitrocellulose membrane, backing on adhesive plastic 147 containing the specific anti-A. minutum (AMI11) and the goat anti-rat (IgG) as control. The conjugated 148 pad containing the gold labelled mAb (AMI6) was pasted overlapping the nitrocellulose membrane by 149 4 mm. The sample pad was also pasted overlapping the conjugate pad by 2 mm. The absorbent pad 150 was pasted on the other side of the plate. The whole assembled plate was cut lengthways and divided 151 into strips with a guillotine cutter (CM 4000) 4 x 60 mm. The strip was finally inserted into the cassette 152 housing. Then 50 µl of the sample was loaded in the sample area S and the test could be read after 153 15 min. 154
155
Dinoflagellates strains and culture 156 157
The A. minutum AM89BM strain came from the IFREMER Centre de Brest collection. The inoculum 158 was maintained for transport at mid-exponential growth in f/2 Guillard and Ryther medium (Guillard, 159 1975) . The cultures were then grown axenically at 18 ± 1°C under cool-white fluorescence light, at a 160 photon flux of 150 µE/m 2 /s with 14:10 LD photoperiods. At the end of the exponential growth phase, 161 cells were harvested by centrifugation (5000 g, 10 min) and could be kept frozen at -70°C as a stock 162 solution for later use. We have previously shown (Gas et al., 2009) The ICA format, based on colloidal gold-based sandwich immunoassay, widely used for proteins or 182 lower molecular weight analytes, appeared also to be efficient for A. minutum. After screening on 183 several specific mAb raised against the surface of A. minutum, two antibodies were chosen for this 184 assay: AMI11 as the capture antibody at the T line, and AMI6 as the revelation antibody (Fig.1) . The 185 biochemical nature of their antigens is as yet unknown and might prove to be a substantial task.
186
Dinoflagellates and more precisely the Alexandrium genius are rather large unicellular organisms with 187 cell diameter varying from 10 to 15 µm. In addition to possible steric limits to diffusion in the porous 188 material of the ICA, nitrocellulose is known to bind proteins strongly due to both hydrophobic and 189 electrostatic interactions. Preliminary experiments showed from the intensity of the red line that algal 190 cells migrate freely across the wide pore (15 µm) nitrocellulose membrane and much better than 191 across pore size of 5 µm and 10 µm that gave a very low signal on the red line (data not shown At an excitation wavelength of 460 nm-500 nm A. minutum exhibited a red fluorescence. The cells on 197 the sample pad were initially visualized with red fluorescence signal and whole cell morphology 198 ( Fig.2A) with no fluorescence on the nitrocellulose membrane (Fig.2B) . After waiting for the assay 199 buffer to move into the absorbent wicking pad, cells with the same fluorescence and morphology were 200 found on the nitrocellulose area (Fig.2B') . We also controlled that the quantity of cells deposited was 201 decreased on the sample pad ( Fig.2A' ). This cannot be carried out with denaturized cells or lysated 202 cells which have no significant fluorescence emission under the same conditions (data not shown).
203
Then we checked the ICA assay by loading 50,000 whole cells (50 µL of a 10 6 cells/mL suspension) 204 on the sample pad (Fig.2C) , giving rise to a clear signal, without streaking or high background effects 205 (Fig.2C') . The initial design was for whole cells but we could also show that it accommodates lyzed 206 cells ( Fig.2D and Fig.2D' ). This robustness might be important in field applications where seawater 207 samples could be filtered or treated later than sampling on site. We prepared several dilutions from the 10 6 cells/mL stock suspensions in seawater to investigate the 215 ICA performance in the range 50,000 to 500 cells per sample (Fig.3) 100µL of algal samples (10 6 cells/mL) were loaded onto the sample pad. The red autofluorescence of 360 whole algal cells was checked under fluorescent microscopy using an exciting filter 460 nm-510nm (A) 361 without any background on nitrocellulose (B). After flow migration up to the absorbent pad a decrease 362 of cells number on the sample pad (A') was observed and algal cells were visualized on the 363 nitrocellulose near the absorbent pad (B').
364
Whole A.minutum cells, the integrity of which was evaluted under light microscopy (C) and were used 365 as a sample in the immunochromatographic assay (C').
366
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